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Table 1 Catalytic performance in the steam reforming of toluene with and without 
hydrogen addition over Co-????-Al2O3(Fe/Co = 0.25) 
Entry 
Gas flow rate 
/mmol min-1 
 After 5 min  Steady-state 
 Conv. of  toluene/% H2/CO  
Conv. of  
toluene/% H2/CO N2 H2 
1 10.7 0.0  38.2 9.9  12.9 16.4 
2 8.8 1.9  45.5 7.5  19.6 7.4 
3 7.9 2.8  71.8 4.1  31.1 6.5 
4 7.0 3.8  71.5 4.6  43.5 5.8 
5 5.1 5.6  71.6 4.9  52.0 5.0 
6 0.0 10.7  76.8 4.0  68.2 3.6 
Reaction conditions: T = 873 K, t = 80 min, W = 50 mg, W/F = 0.05 g h mol-1, S/C 
= 3.4 (toluene/H2O = 0.19/4.4 mmol min-1). 









































Fig. 1 (A) XRD patterns of Co-Fe/?-Al2O3(Fe/Co = 0.25), and (B) d spacing of the 
peaks of fcc Co-Fe and bcc Co-Fe as a function of Fe/(Co + Fe). (a) After 
reduction pretreatment, (b-g) after steam reforming of toluene (Table 1, entry 1-6). 
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Fig.2 XRD patterns (A) and STEM image (B) of reduced catalysts. A: (a) 
Ni-Fe/Mg/Al (Fe/Ni = 0.25), (b) Ni/Mg/Al. ????????? ?????????????????????
???? ????? ??????? ???? ??-??? ??? ?? ???? ? ?? ??? ??????? ??? ????- EDX 
analysis of the particle of Ni-Fe/Mg/Al (Fe/Ni = 0.25). 
 
Table 2. Catalyst properties and catalytic performance in steam 
reforming of toluene 





Ni/Mg/Al 0 43 53.3 
Ni-Fe/Mg/Al 0.25 39 89.6 
Ni/?-Al2O3 0 44 26.5 
Ni-Fe/?-Al2O3 0.5 11 26.3 
Reaction conditions: Wcat = 100 mg, steam/carbon = 1.7 (toluene/H2O/N2 
= 1/11.8/71.1), 873 K, 30 min, W/F = 0.05 g h mol-1. [a] Measured by 

































Table 3. Catalytic performance in steam reforming of toluene and phenol 
Catalyst Reactant Gas yield/%-C TOF/s-1 [a] 
Ni/Mg/Al Toluene 12.6 1.2 
 Phenol 11.8 1.4 
Ni-Fe/Mg/Al Toluene 18.3 2.0 
(Fe/Ni = 0.25) Phenol 9.0 1.2 
Reaction conditions: T = 873 K, t = 80 min, Wcat = 30 mg, W/F = 0.01 g h/ 
mol, toluene/H2O/N2 = 1/11.8/35.6 (S/C = 1.7), phenol/H2O/N2 = 1/11.6/33.4 
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Fig. 3  Reactant dependence on the formation rates of products and conversion in 
steam reforming over Ni-Fe/Mg/Al (Fe/Ni = 0.25) 
Reaction conditions: T = 873 K, Wcat = 100 mg, W/F = 0.09 gh/mol, 
toluene/H2O/N2 = 1/11.8/35.6 (S/C = 1.7), phenol/H2O/N2 = 1/11.6/33.4 (S/C = 1.9) 
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